ORIGINAL ARTICLE
Discrepancy between actual and estimated speeds of drivers in the presence of child pedestrians Objectives: First, to measure the speeds of vehicles with and without children on the footpath, and second to compare these with drivers' estimates of how fast they would go in these conditions. Design: The speeds of vehicles in three conditions: control (no children present), children playing with a ball on the footpath, and children waiting to cross the road, were measured using speed tubes during two 55 minute sessions. Drivers' estimates of their speeds were measured with a questionnaire. Setting: Speeds were measured on a main road in Auckland, New Zealand. The questionnaire was conducted at another time with drivers stopping for petrol approximately 500 metres from the measurement site. Subjects: A total of 1446 speed measurements were taken and 93 drivers' questionnaire responses were analysed. Results: The mean free speed of vehicles in the control condition was 55.60 kph, with drivers' estimates being 56.37 kph. When children were playing with a ball the measured speed was 54.29 kph and the estimated speed 39.27 kph. When children were waiting to cross the measured speed was 52.78 kph, estimated speed 34.02 kph. Analyses indicated that there were significant differences between measured and estimated speeds. Conclusions: New Zealand drivers make inadequate speed adjustments in the presence of children, despite probably believing they do so. Establishing specific rules about appropriate speeds around children and highlighting to drivers the discrepancy between their attitudes and behaviour are two intervention strategies suggested. P edestrian crashes are a major cause of child mortality and morbidity in New Zealand 1 and elsewhere. [2] [3] [4] One significant contributor to these crashes is vehicle speed. Studies comparing child injury sites with non-injury sites in Australia 5 and New Zealand 6 have found a strong association between vehicle speed and injury risk. An analysis of the impact of vehicle speed on injury found that at 40 kph 25% of crashes are likely to be fatal, while at 50 kph this rises to 85%. 7 Unfortunately there is little evidence that drivers understand the dangers of speed around child pedestrians and slow down in their presence. In a US study of pedestrian injuries it was found that even on local streets and in residential zones, nearly 20% of children were struck by vehicles exceeding 30 mph (∼50 kph). 8 A Swedish study of driver speed and yielding to pedestrians at marked crossings found the age of the pedestrian made no difference to driver behaviour. 9 Observations of pedestrian and driver behaviour in Nottingham, England found that pedestrians appeared to take the most effective avoidance action in potential collisions, and the age of the pedestrian had little impact on driver behaviour. 10 Another study conducted in the same city at five junior schools (age range 3-11 years), found speeds were significantly higher in the presence of an adult pedestrian than when no pedestrian was present, with the presence of a child producing no significant change in speed. 11 One question that has not been empirically explored is whether or not drivers actually realize how seldom they reduce speed in the presence of child pedestrians. There is evidence that drivers overestimate the speeds of others, 12 and one study of New Zealand drivers found 85%-90% claimed to drive below the average speed. 13 In a Swedish study, 5% of drivers were observed giving way to pedestrians at marked crossings, which is in stark contrast to a report cited by the author in which 67% of the 1266 Swedish drivers surveyed claimed to give way to pedestrians at crossings "very often" or "always". 9 The study described in this paper had two primary aims. First, to measure the speed of New Zealand drivers with and without children on the footpath, and second to compare the measured speeds with drivers' estimates of how fast they would go in the presence of child pedestrians. The prevention implications of discrepancies between actual and estimated speeds will be addressed in the discussion.
METHODS
Study 1: Measured speed of vehicles in the presence of child pedestrians The study took place on a moderately busy road in Auckland City, New Zealand. Approximately 700-750 vehicles traveled in the direction of interest during each 55 minute period in which speeds were measured. The total road width was approximately 14.5 metres, including a 2.1 metre flush lane, a 3.2 metre bus lane on the opposite side of the road, and a single lane in each direction. The footpath next to where the measurements were taken was 3 metres wide. The legal speed limit was 50 kph, which is standard for urban roads in New Zealand. The site was chosen for the following reasons:
• A steady flow of traffic meant a large number of measurements could be obtained in a relatively short time. This was considered essential with children involved.
• Oncoming vehicles had an unimpeded view of the footpath at all times, due to the site being 100 metres after a corner, the presence of no parking lines, and the absence of any other obstructions.
• The site was not a natural crossing point for pedestrians. This was considered important to minimize the possibility of other pedestrians influencing driver speeds. • The presence of a large fence allowed the equipment and people to be hidden from view.
Vehicle speeds were measured using speed tubes that were linked to a lap top computer hidden behind the fence. The computer showed the time and speed of the vehicles as they went over the tubes. It also measured the gap (in seconds) between vehicles. Measurements took place on two Thursday afternoons from 3.35-4.30 pm. This time was chosen to ensure reasonable traffic flow but to avoid after school pedestrians, and the commuter rush hour. There were three conditions:
1. Control: no children present (see fig 1) .
2. Children playing with a ball on the footpath (see fig 2) .
3. Children waiting to cross (see fig 3) .
The children were a (smaller than average) 10 year old girl and a 7 year old boy. When the children were present, vehicles approaching the tubes would have been able to see them immediately on turning the corner. They stood within 1 metre of the tubes at all times, so the measured speed of the vehicles corresponded exactly to the speed with which they past the children. On each day the conditions were run in five minute slots in the following order: 1, 2, 1, 3, 1, 2, 3, 1, 2, 1, 3. During the control condition, the children rested behind the fence, out of view of the oncoming vehicles. The weather was sunny both days. The flow of vehicles was steady, with a total of 1446 vehicle speeds recorded. Sometimes vehicles traveled in a "platoon", however, there were no incidences in which there was sufficient traffic build up for vehicles to slow to a crawl or come to a stop. There were occasional pedestrians on the footpath. They were adults or teenagers who did not show any signs of erratic behaviour and no pedestrians attempted to cross the road during the study.
Study 2: Drivers' perceptions of the speeds they travel past children In order to test if drivers' reports of the speed they would travel with children present were in line with the actual speeds recorded, a questionnaire was delivered to 100 drivers stopping at a petrol station, approximately 500 metres from the site of the speed measurement study. The questionnaire had the following instructions: "When you are driving on a main road in Auckland (for example, New North Rd, Sandringham Rd) what speed do you go?" (note: Sandringham Rd was the site of the speed measurement study).
This was followed by a set of conditions under which they were asked to estimate their usual speed:
1. In normal traffic conditions during the day or weekend. 2. When there are children playing with a ball on the footpath. Questions 4 and 5 were asked to obscure the main purpose of the questionnaire and to allow an examination of any question order effects. In one version the questions were asked in the order listed above. In a second version, the questions were asked in the following order: 1, 4, 5, 2, 3. The questionnaire also asked for participants' gender and age group.
The final sample was made up of 67 male and 26 female participants, with 28 participants aged 16-25 years, 47 aged 26-45, and 18 aged 46 years and over. The seven participants who answered "to conditions" or "slow" for any of questions 1-4 were eliminated.
RESULTS
Study 1: Measured speed of vehicles in the presence of child pedestrians In order to restrict the analysis to vehicles that were traveling at freely chosen speeds, all vehicles less than or equal to 2.5 seconds behind the vehicle in front were eliminated. The mean, 50th and 85th percentile speeds can be seen on table 1. An analysis of variance was carried out to test if there was any statistically significant difference between conditions. A difference was found F (2, 764) = 10.89, p<0.001. Post-hoc Tukey HSD tests indicated that the control condition was significantly different from children waiting to cross (95% confidence interval for the mean difference, 1.39 to 4.24), but that it was not different from children playing with a ball, and the two conditions with children were not significantly different from each other. 
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The percentage of vehicles traveling at high speeds was also examined. In the control condition, 24% went faster than 60 kph, 54% faster than 55 kph, and 81% faster than 50 kph. When the children were waiting to cross and playing with a ball 11% and 14% respectively went faster than 60 kph, 41% and 48% respectively went faster than 55 kph, and 75% and 79% respectively went faster than 50 kph. This suggests that the children's presence may have had a greater impact on those traveling 10 kph or more over the limit, than those still speeding, but traveling within 10 kph of the limit.
Study 2: Drivers' perceptions of the speeds they travel past children
The results of the questionnaire participants' estimates can be seen on table 1, along with the measured free speeds of drivers in the earlier study.
A multivariate analysis was conducted to see if there was any difference between versions of the questionnaire, men and women and the age groups on each of the three items of interest. This indicated that only questionnaire version was significant F (3, 79) = 3.22, p<0.05. Univariate analyses suggested that the difference in version was with regard to the item about children playing with a ball F (1, 81) = 4.21, p<0.05. Those participants who were given the child items first gave a mean speed of 42.76 kph for children playing with a ball with those participants who were given the child items second giving a mean speed of 35.38 kph for this item. Table 1 shows that the participants in the questionnaire were probably reasonably accurate in estimating their usual speed on a main road in Auckland. However, there were clear discrepancies between their estimates of the speed with which they would travel past children and the measured speeds. Analysis of variance indicated that there was indeed no difference between estimated and actual speeds in the control condition, but there were differences between these in the children playing with a ball F (1, 300) = 195.34, p<0.001 and waiting to cross F (1, 304) = 183.12, p<0.001 conditions.
DISCUSSION
In keeping with previous studies, 9 11 minimal reductions in speed were found in the presence of child pedestrians. While there was a smaller percentage of drivers traveling faster than 60 kph when children were present than when they were not, and drivers did travel an average of 2.82 kph slower when children were trying to cross the road than when there were no children present, their mean speed in this condition was still 52.78 kph, at which a likely 85% of collisions would be fatal. 7 Drivers did not travel significantly more slowly on average when children were playing with a ball on the footpath than with no children present.
There was also evidence that drivers may believe they have a different response to the presence of children than is actually the case. The median speed they estimated traveling past children was 13.4-14.9 kph slower than the measured median speeds. There are a number of possible reasons for this discrepancy. First, drivers may simply not be aware of their driving habits. When asked directly they believe they treat children as worthy of a response, but in actuality they are so used to children behaving responsibly in traffic that they barely even notice them in a complex road environment. It is notable that although children generally do behave responsibly in traffic and may be good at compensating for their limitations at judging the speed and distance of approaching vehicles 14 15 by making cautions decisions, 15 they are potentially impulsive and may be more readily distracted from adequate monitoring of the traffic environment than adults. [14] [15] [16] In studies that have analyzed official child pedestrian injury records, the major cause of these crashes is usually described as "mid-block dart outs". 1 3 17 18 Such "dart outs" are probably extremely unusual, so drivers have effectively learned, or rather over-learned, that children can be relied upon to keep out of their path.
Second, the participants may have been responding to the questions in a socially desirable manner. They know they should slow down for children, although they may also know they rarely do this. Third, the questionnaire respondents may have constructed a different mental image of the scenarios being referred to than was actually the case. It is possible they imagined younger or more children. The latter is particularly significant as previous studies have shown a large number of pedestrians do tend to slow drivers down. 9 11 19 This study suggests that drivers have an understanding that children should be responded to but they do not share a set of rules about what is appropriate. Apart from the discrepancy between measured and estimated speeds, there were other indications from the questionnaire data for the absence of shared rules. One of these was the question order effect. Drivers who were asked about their speed when children were playing with a ball after they had been asked about the elderly pedestrian and heavy traffic, gave estimates 7.38 kph lower on average than those who received the child items first. There was also a great deal of variance in participants' responses to the items concerning speed around children, shown by standard deviations that were at least twice that found when actual speeds in the presence of children were measured or when participants were asked about their speed in normal conditions. Further research in this area could examine more closely what lies behind this apparent confusion on the part of drivers, including their beliefs about children's capabilities in traffic and about their legal responsibilities to take due care.
IMPLICATIONS FOR PREVENTION
The absence of shared rules about behaviour around children suggests a potential focus for prevention efforts. Fuller suggested that in order to combat the "learned riskiness" that comes from drivers gaining rewards for ignoring potential risks (such as child pedestrians), safer behaviours should be specified and rule following encouraged and rewarded. 20 It may also be effective to punish rule breaking (most obviously through enforcement). In the case of drivers' responses to child pedestrians this could include publicity that suggests an appropriate speed around children (of say 40 kph, the medium estimated speed given by drivers in this study) or a suggestion to lower speed by 5-10 kph in the presence of children. Even issuing fines when drivers exceed the current speed limit of 50 kph in the presence of children, rather than allowing a leeway of 10 kph over the limit as is usual practice in New Zealand, would help, given that more than 75% of the drivers in the current study were exceeding the speed limit when they traveled past the children.
The social psychological theory of cognitive dissonance suggests that people are uncomfortable when they become conscious of a discrepancy between their attitudes and behaviours and they will try to reconcile the two. 21 Informing drivers through advertising campaigns and in learner driver and defensive driver training programmes that they do not respond to children in the way they might imagine could help induce cognitive dissonance and provide an opportunity for behaviour change. At the very least suggesting to drivers that they may not be as safe as they report could encourage them to believe that pedestrian safety messages actually apply to them, rather than to "other drivers".
Children's behavioural errors in traffic are probably most often the result of impulsiveness and distraction, [14] [15] [16] the very behaviours that arise suddenly and cannot be adequately responded to by fast moving vehicles. While environmental modifications, such as traffic calming, are clearly important, 22 there are many situations in which such modifications are impractical. This study suggests that drivers probably believe it is desirable to reduce their speed around children. Issuing specific guidelines about appropriate speeds, drawing drivers' attention to the discrepancy between their beliefs and behaviours through existing training programmes and advertising campaigns, and enforcing the actual speed limit in the presence of child pedestrians are potentially promising strategies.
Key points
• Drivers made few speed adjustments in the presence of children, with the majority continuing to travel in excess of the 50 kph speed limit.
• The median estimates drivers gave of the speed they would go when children were on the footpath were 13.4-14.9 km lower than the median measured speeds.
• Issuing specific guidelines about appropriate speeds, drawing drivers' attention to the discrepancy between their beliefs and behaviours and enforcing the actual speed limit in the presence of child pedestrians are potentially promising strategies.
